Background Capillary zone electrophoresis (CZE) methods are new laboratory diagnostic tools. The screening of haemoglobin (Hb) variants by a battery of two automated CZE methods at alkaline and acid pH, followed by micellar electrokinetic capillary chromatography (MECC), has been evaluated.
Introduction
Capillary electrophoresis o¡ers high resolution, automated sampling and data collection, low sample volumes and low reagent use and cost. We have previously demonstrated that capillary zone electrophoresis (CZE) at alkaline and acid pHs is an alternative to conventional electrophoresis methods for detection of haemoglobin (Hb) variants; it provides better resolution of minute concentrations of variant haemoglobins 1 and permits quanti¢cation of the variants HbA 2 and HbF in the same alkaline CZE. 2 We have evaluated these techniques for screening for haemoglobin variants. To prevent variability in retention time between reagent kits and capillaries without using an internal standard, we have applied a normalized retention time and a strategy consisting of comparing relative retention times obtained from two di¡erent CZE systems as a sensitive presumptive identi¢cation of haemoglobin variants. If presumptive identi¢cation of the haemoglobin variant is not achieved, a micellar electrokinetic capillary chromatography (MECC) method for globin chain analysis is proposed. 3
Materials and methods
Samples anticoagulated with EDTA were obtained from patients being investigated for suspected haemoglobinopathy or from a neonatal screening programme for haemoglobinopathies.
Isoelectric focusing was performed on agarose gels according to the manufacturer's instructions on an Omega Resolve 2800 apparatus with a three electrode system (Perkin Elmer Life Sciences, Oosterhout, The Netherlands). Gels were ¢xed in 10% trichloroacetic acid for 15 min to allow the precipitation of haemoglobin and stained in an O-dianisidine solution.
Automated cation-exchange high-performance liquid chromatography (HPLC) using the Variant
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Haemoglobin System Beta-thalassaemia Short Program (Bio-Rad Laboratories, Nazareth, Belgium) was used following the manufacturerer's instructions as previously described. 4 To minimize the e¡ect of di¡erences in migration time between runs, we have de¢ned relative migration times using HbA.
Patients' samples with an abnormal haemoglobin component were tested by the HbA 2 -CE kit (the alkaline CZE method) and the HbA 1c -CE kit (the acid CZE method) from Analis (Namur, Belgium). The only manual step was the preparation of sample haemolysates, in which 10 mL of well-mixed whole blood was diluted in 50 mL of the haemolysing solution provided. Assays were performed following the manufacturer's instructions as described previously 5 using a Beckman P/ACE 5500 capillary electrophoresis system equipped with a UV/VIS detector (Beckman, Fullerton CA, USA) and fused silica capillary (25 mm i.d.624 cm; e¡ective length 17 cm). Peaks detected at 415 nm were integrated using the P/ACE station software. To minimize the e¡ect of di¡erences in migration time between runs, we compared relative migration times to those of HbA in adult samples and to HbF in newborn samples. The migration time of the haemoglobin fraction of interest was divided by the HbA or HbF migration time as appropriate.
Haem-free globin chains were prepared by the acetone^acid method and separation of the globin chains fractions was performed using a micellar electrokinetic capillary chromatographic technique as described previously. 6 In this method, a Beckman P/ACE 5500 capillary electrophoresis system (Beckman, Fullerton, CA, USA) and an uncoated fused silica capillary (50 mm i.d.647 cm) were used. The separation voltage was set at 19 kV and the 25 mmol/ L phosphate bu¡er (pH 2.5) contained 7 mmol/ L urea and 1% (v/v) reduced Triton X-100. Peaks were detected at 214 nm and integrated by the P/ACE station software. To minimize di¡erences in migration time between runs, we compared relative migration times to the a-globin chain fraction in the presence of an a-globin chain variant, and to the b-globin chain fraction in the presence of a b-globin chain.
Our laboratory screens around 18 000 samples each year and the presence of a haemoglobin variant is observed in 1.8% of cases. 7 Three hundred and ninetytwo samples with an abnormal haemoglobin component detected by isoelectric focusing (IEF) or HPLC were tested by the alkaline and acid CZE methods. Thirty samples were also submitted to globin chain analysis using the MECC technique. In all cases, de¢nitive identi¢cation of the haemoglobin variant was obtained by DNA sequencing or protein structure analysis. 8, 9 Results From the 1.8% of haemoglobin variants found in our population screened, the most commonly occurring clinically relevant variants were HbS (b6 Glu?Val) 1.3%, HbC (b6 Glu?Lys) 0.16%, HbD-Punjab (b121 Glu?Gln) 0.04%, HbE (b26 Glu?Lys) 0.03% and HbO-Arab (b121 Glu?Lys) 0.02%. These variants can be separated by the combination of the two CZE methods as well as by the combination of IEF and automated cation-exchange HPLC techniques. In our series of haemaglobin variants tested, HbS was not separated from a common a-globin chain variant, HbG-Philadelphia (a68 Asn?Lys), or from an uncommon a-globin chain variant, Hb Ottawa (a15 Gly?Arg), which was not the case using IEF and cation-exchange HPLC. While all the clinically silent haemoglobin variants tested were separated from HbA when a combination of IEF and automated cation-exchange HPLC was applied (data not shown), several are not separated from HbA and/or between each other by a combination of the CZE techniques (i.e. variants having the same pI and polarity as HbA). These were Hb Fontainebleau (a21 Ala?Pro), Hb Loire (a88 Ala?Ser), Hb Saclay (a133 Ser?Asn) or variants having a slightly di¡erent pI from HbA (i.e. Hb Hafnia (b116 His?Gln) and Hb Chicago (a136 Leu?Met) (see Fig. 1 ).
There is a concentration e¡ect that modi¢es the migration time ratio if a haemoglobin variant is present in low concentrations as is encountered in a specimen from a neonate, or is present in high amount as encountered in a specimen from an adult. Using the alkaline CZE method, the mean (standard deviation) migration time ratio of HbS/HbA [0.961 (0.002)] obtained in 20 samples with an HbS component of less than 10% was signi¢cantly di¡erent (P50.001) from the mean [0.958 (0.002)] obtained in 20 samples with an HbS amount higher than 30%. The same tendency was found with the acid CZE method.
The separation of the globin chains by MECC demonstrated that several of these haemoglobin variants tested remain`silent' (i.e. Hb Fontainebleau, Hb Loire and Hb Saclay), but demonstrated also that aglobin chain variants can be distinguished from bglobin chain variants, except for Hb Tokoname, thus facilitating the orientation of further DNA sequencing or peptide analysis (see Fig. 1 ).
Hb Bart's, HbH and Hb Constant Spring fractions are well separated in IEF and automated HPLC systems (data not shown). Using the alkaline CZE method, Hb Bart's and HbH migrate with a slower mobility than HbA, while Hb Constant Spring co-migrates with HbA 2 (see Fig. 2 ).
Discussion
CE methods are now automated, rapid, sensitive and give a high resolution. For several years they have been used in the clinical laboratory for the separation of serum proteins 10 or for the HbA 1c determination. 11 Other potential applications are replacement of classical electrophoretic or chromatographic techniques. Analysis of haemoglobin fractions and globin chain composition are classically performed by electrophoretic and chromatographic techniques, and CE methods have been evaluated by various authors for the quanti¢cation of HbA 2 and HbF, as well as for the detection and quanti¢cation of haemoglobin variants. 1,2,6,8,12^18 In the present study, we have evaluated the place of di¡erent CE methods in our laboratory strategy for the screening of such variants.
Alkaline and acid CZE methods as a ¢rst-step strategy for the identi¢cation of haemoglobin variants are sensitive enough to detect clinically relevant Hb variants, but are not as sensitive as IEF and automated HPLC methods. However, in common with automated HPLC, the quanti¢cation of the haemoglobin variants HbA 2 and HbF can be performed in the same alkaline CZE run. 1, 2 In the ¢eld of a-thalassaemia, separation of several abnormal haemoglobins (i.e. Hb Bart's, HbH and Hb Constant Spring) are of clinical importance, 19 and the alkaline CZE technique has been evaluated for the separation of these haemoglobin fractions. The level of Hb Bart's present in a newborn sample is related to the number of defective or missing a-globin genes. The presence of HbH in a sample of a patient older than a few days is a result of three missing or defective a-globin genes. The presence of Hb Constant Spring, an unstable a-globin chain variant, in combination with certain types of a-thalassaemia, leads to a rather severe form of HbH disease. Hb Bart's and HbH, characteristic of a-thalassaemia, can be easily distinguished by late-migrating fractions in the alkaline CZE method, but Hb Constant Spring cannot be distinguished from HbA 2 in this system. All mutants separated by the described methods were con¢rmed at the molecular level by DNA sequencing or protein structure analysis. Hence, presumptive identi¢cation by alkaline and acid CZE may be achieved in cases of clinically signi¢cant variants (HbS, HbC, HbE, HbD). In the case of clinically silent variants, the presumptive detection is much lower.
In conclusion, alkaline and acid CZE methods as a screening for haemoglobin variants are good tools and can replace conventional techniques.
